Breast carcinoma is the most common malignancy among females globally. Approximately, 1.15 million new cases of breast cancer accounting for nearly one fourth of all malignancies are diagnosed among women worldwide[@ref1]. Earlier, the reported incidence of breast cancer in Asian and African countries was on the lower side, but the recent estimates exhibit an upward trend in the incidence[@ref2]. The population based cancer registry programme in India, reveals breast cancer as the commonest cancer among women in Mumbai and Delhi, whereas in Chennai and Bangalore, it is listed as the second most leading site of cancer[@ref3]. In India, about 80,000 new cases of breast cancer were diagnosed during the year 2001[@ref4][@ref5]. Locally advanced breast cancer (LABC) approximately constitutes more than half of all the breast cancer cases[@ref6] and are managed by neoadjuvant chemotherapy (NACT) in addition to surgery for both local and systemic control.

Due to hormonal changes at puberty, the ductal epithelial cells transform and develop the potential for proliferation and differentiation. Proliferation of these cells is triggered by the steroid hormones released from ovaries or by exogenously administered hormones. Steroid hormones stimulate breast cell proliferation by binding to their respective receptors, resulting in the clonal propagation of normal as well as tumour cells, with nucleotide sequence error or spontaneous errors in DNA replication. While such signals may directly affect steroid hormone receptor-positive cells, these also induce release of growth factors that act indirectly upon receptor-negative cells[@ref7]. The nuclear superfamily of steroid receptors includes estrogen receptor (ER), progesterone receptor (PR), androgen receptor (AR) and vitamin D receptor, and of these, the role of ER and PR in human breast cancer has been extensively studied. AR is known to have a role in normal prostate development and progression of prostate cancer, but it has also been reported to be involved in differentiation, development and regulation of breast cell growth[@ref8][@ref9]. Androgens may influence breast cancer risk indirectly through their conversion to estradiol or by competing for steroid binding proteins, or directly by binding to the AR[@ref10]. Among post-menopausal women, circulating androgen levels appear to be positively associated with breast cancer risk, but it is not known whether these effects are mediated through AR.

AR positive breast cancer patients have been reported to have prolonged survival and a better response to hormonal treatment than AR negative patients[@ref10]. It has been shown that AR expression correlates well with ER expression, but more so with PR expression[@ref11]. Hence the co-expression status of receptors may identify more accurately those patients with breast cancer who are most likely to respond to hormonal treatment[@ref11].

Androgens (testosterone/DHEA) are known to exert their action by increasing the expression of EGFR (epidermal growth factor receptors) and are regarded as a marker of poor prognosis. In addition, CD105 (endoglin) is a hypoxia-inducible protein acting as a receptor for the transforming growth factor beta (TGFβ) family of growth factors and also associated with angiogenesis and proliferation[@ref12]. The relationship of the neo-angiogenic marker, endoglin with response to NACT has been reported[@ref13]. Hence CD105 was also considered in the present study.

Owing to the fact that the effects of steroid receptors are mediated through certain growth factors and their inhibitors are used as chemotherapeutic agents, studies are needed to evaluate the expression of steroid hormone receptors and growth factors, independently as well as in combination. This study was undertaken to assess the expression profile of AR in breast cancer cases and its interaction with other clinicopathological parameters, steroid receptors and growth factors to evaluate its clinical significance. Evaluation of the predictive ability of AR for the therapeutic response among LABC cases was also attempted.

Material & Methods {#sec1-1}
==================

The present cross-sectional study included 100 consecutive histologically confirmed breast cancer cases, referred from the Departments of Cancer Surgery and General Surgery, Safdarjung Hospital, New Delhi, during the period January 2005-March 2007, to the National Institute of Pathology, Indian Council of Medical Research (ICMR), New Delhi. The institutional ethical clearance and the informed consent from patients were obtained for the study. The clinical parameters evaluated included age, menopausal status, family history, lump size; lymph node involvement; local tumour extension and tumour stage and grade. All patients underwent lumpectomy/mastectomy in Safdarjung Hospital. Among 100 patients, 31 cases presented with LABC, characterized by varying clinical presentations (T3N1M0, T4N1M0, T4N2M0). LABC patients were prescribed NACT \[Cyclophosphamide (500 mg/m^2^); Adriamycin (50 mg/m^2^) and 5-Flourouracil (500 mg/m^2^)\], in 3 cycles at 3 weekly intervals before surgery and followed up for assessing the therapeutic response in terms of reduction in tumour size.

Histopathological examination and subsequent immunohistochemical (IHC) studies were performed for the biomarkers- AR (Neomarkers; Fremont, CA, 1:50); ER (DAKO; Denmark, 1:50); PR (DAKO; Denmark, 1:50); EGFR (DAKO; Denmark, 1:50) and CD105 (Neomarkers; Fremont, CA, 1:50). Cases were labelled as positive when \>10 per cent tumour cells expressed the marker. IHC was performed on 4 μm paraffin sections, with antigen retrieval in citrate buffer at *p*H 6.0 in the microwave oven; endogenous peroxidase blocking with 3 per cent hydrogen peroxide; incubating with primary mouse monoclonal antibody overnight at 40°C at room temperature; with DAB (diaminobenzidine) as chromogen. Tumour cells were considered positive for the nuclear expression of ER, PR and AR and for the cytoplasmic expression of EGFR and CD105 ([Fig.](#F1){ref-type="fig"}).

![**(a)** Nuclear expression of estrogen receptor (ER) in breast cancer (arrow) (200×). **(b)** Progesterone receptor (PR) nuclear positivity in infiltrating ductal carcinoma breast (arrow) (200×). **(c)** Androgen receptor (AR) expression in nuclei of tumour cells (arrow) (200×). **(d)** Membranous expression of epidermal growth factor receptor (EGFR) in tumour cells (arrow) (200×). **(e)** Membranous and cytoplasmic expression of endoglin (CD105) in breast cancer (arrow) (200×).](IJMR-135-843-g001){#F1}

The association of various factors *viz*., age (\<45/\>45 yr); menopause (pre/post); familial status (sporadic/familial); stage \[low (I and II), high (III and IV)\]; histological type (IDC/Others); grade (well and moderately differentiated carcinomas categorized as low and poorly differentiated carcinomas as high); lymph node metastases (-/+); clinical response (non responders/responder)[@ref11][@ref12] with immunohistochemical expression of three steroid receptors AR, ER and PR (-/+) and two growth factors EGFR and CD105 (+/-) in tumour cells was assessed by the χ^2^ and Fisher\'s exact test. To measure the strength of association, risk ratio (RR) along with 95% confidence interval (CI) was also estimated. The two sided *P*\<0.05 was considered statistically significant.

Co-expression pattern between steroid receptors (SRs) and growth factors (GFs), were analyzed by categorical principal component analysis (CATPCA). The CATPCA is considered as an exploratory analysis. PCA reveals linear combinations of the analyzing variables (in present case SRs and GFs) with large variance. The goal of PCA is to reduce an original set of variables into a smaller set of uncorrelated components that represent most of the information found in the original variables. The CATPCA yields new sets of linearly combined expression, but of these, the biologically relevant profile was investigated for its association with clinicopathological characteristics. Although exploratory, CATPCA helps in providing important information that can be further examined by implementing conformational analysis. The value of component loading factor(clf) of 0.5 or more for various components under the considered dimensions and correlation pattern/s in CATPCA are considered relevant for further investigation. The sensitivity, specificity, likelihood ratio of a positive and negative test for clinical response to NACT (non responders:\<50%; responders: \>50% regression in maximum diameter of initial tumour)[@ref14][@ref15] along with their 95% CI were estimated for each individual marker as well as for the relevant profiles as obtained in CATPCA.

Results {#sec1-2}
=======

*Association of clinical co-variates with markers*: The distribution of various clinical parameters among study group ([Table I](#T1){ref-type="table"}) showed a high percentage of cases above 45 yr (72%) of age, and post-menopausal (72%). Family history of cancer in the siblings and close relatives was seen in 30 per cent cases. Majority of the cases (84%) were of infiltrating ductal of breast, 54.0 per cent were of higher grade and 42 per cent cases showed lymph metastasis ([Table I](#T1){ref-type="table"}). Among 31 LABC cases, 21 (67.7%) responded to NACT.

###### 

Association of clinical variables with steroid hormones and growth factors receptors

![](IJMR-135-843-g002)

Expression of the steroid receptors, AR, ER and PR was observed in 40, 35 and 44 per cent cases, respectively, while that of EGFR and CD105 was seen in 40 and 32 per cent cases, respectively. The expression of ER was not found associated with any of the clinicopathological features, while PR was found to be significantly associated with pre-menopausal status (*P*=0.04) and presence of family history (*P*=0.01). EGFR was also seen to be significantly associated with pre-menopausal status (*P*=0.03) ([Table I](#T1){ref-type="table"}). The expression of AR was found to be significantly associated with lower grade (p=0.007). Among 31 LABC cases expression of AR, ER, PR, EGFR, CD105 was found in 21 (67.7%), 15 (48.4%), 14 (45.2%), 10 (32.3%) and 10 (32.3%) cases, respectively. Significant association of theraputic response among LABC cases was found with the expression of AR (*P*=0.001). The expression of both growth factor receptors, EGFR and CD105, was significantly associated with lymph node metastasis (*P*=0.01, *P*=0.05, respectively).

*Results of CATPCA*: As androgen receptor was the only marker associated with clinical response, the contribution of other markers to the clinical behaviour of the tumour was evaluated by CATPCA which depicted four correlation patterns (with a component loading factor of at least 0.50 taken as relevant). These four patterns were identified as positive correlation of AR with CD105 (AR+/CD105+; under 1^st^ component of 2, 3 and 4 dimensions); inverse correlation of ER and PR with EGFR (ER+/PR+/EGFR- & ER-/PR-/EGFR+; under 2^nd^ component of 2, 3 and 4 dimensions); inverse correlation of PR and CD105 (PR+/CD105- & PR-/CD105+; under 3^rd^ component of 3 and 4 dimensions) and the inverse correlation of AR with EGFR (AR+/EGFR- & AR-/EGFR+; under 4^th^ component of 4 dimensions) ([Table II](#T2){ref-type="table"}).

###### 

Results of categorical principal component analysis
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*Association of clinical co-variates with profiles of CATPCA*: The association of steroid receptors and growth factor receptors in the co-expression patterns AR+/CD105+, ER+/PR+/EGFR-, ER-/PR-/EGFR+, PR+/CD105-, PR-/CD105+, AR+/EGFR- and AR-/EGFR+ were evaluated with the clinicopathological characteristics and clinical response ([Table III](#T3){ref-type="table"}). It was observed that the profiles AR+/CD105+ and AR+/EGFR- were associated significantly with low grade tumours (*P*=0.03, *P*=0.052, respectively), while profile AR-/EGFR+ was associated significantly with high grade (*P*=0.006) and lymph node metastasis (*P*=0.004) and non response (*P*=0.001). The profile PR-/CD105+ was significantly associated with high tumour stage (*P*=0.006). The profile AR+/EGFR- was associated significantly with the clinical response (*P*=0.001).

###### 

Association of clinical variables and responders with relevant profile under CATPCA
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*Diagnostic efficacy of markers*: Among the 31 LABC cases, it was found that AR possessed the maximum sensitivity \[95.24; 95% CI (77.33, 99.15)\], specificity \[90.00 (59.58, 98.21)\] and likelihood ratio of a positive test-LR+ \[9.52 (1.48, 61.29)\] for clinical response. The profiles PR+/AR+, AR+/ER+/PR+, AR+/CD105+ and ER-/PR-/EGFR+ showed 100 per cent specificity though the sensitivity with these profiles was poor ([Table IV](#T4){ref-type="table"}) and these findings demonstrated the derivable clinical benefits of AR and AR+/EGFR- in comparison to all other profiles.

###### 

Estimates of diagnostic parameters for the considered biomarkers (n=31)
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Discussion {#sec1-3}
==========

In hormone dependent tissues like breast and prostate the pathophysiology of tumours is governed by steroid hormones. In addition to the exertion of mitogenic effects of steroids[@ref16], the activities of receptors are being modulated by co-activators/co-suppressors including growth factors and their receptors as well as components of various cell signaling pathways. In the last two decades much progress has been made in understanding the role of steroid receptors mainly ER and PR, in prognosis of breast cancer and treatment management. The expression of ER and PR in breast cancer cases in this study was comparable to the existing literature[@ref6] but neither of these two receptors were found to be associated with clinical response. Tumours negative for these receptors are reported to be associated with worse clinicopathological characteristics *viz*., higher histological grade, aggressive clinical course, resistance to anti-estrogens, higher recurrence rate and decreased overall survival[@ref17]. However, contrary to these reports, ER and PR positive tumours have been reported to have a relapse rate comparable to ER negative tumours over time[@ref18]. In view of these reports, there is a need for studies to identify additional marker besides routinely evaluated, individually and in combination to adopt suitable therapeutic strategies for improvement of outcome.

AR which plays a pivotal role in prostate carcinoma[@ref18], appears to have a role in breast cancer also. Stromal AR is known to play a major role in stimulating epithelial cell proliferation in normal prostate development. AR-dependent cell cycle progression is a critical regulator of the G1-S transition in prostatic tumours. A similar role may be envisaged in breast cancer. Hence the present study was performed to evaluate the expression of AR in breast cancer cases, and its correlation with the clinicopathologic parameters, established biomarkers like ER/PR, EGFR and CD105. AR expression was seen in 40 per cent of cases in the present study and found to be significantly associated with lower grade of cancer and high percentage of responders to NACT in LABC. The enhanced therapeutic response to NACT may be due to binding of components of NACT to ligands of AR[@ref11][@ref20]--[@ref22]. It has been proposed that the effects of synthetic progestins may be mediated by binding to AR. While the disruption of androgen action by synthetic progestins may have a negative effect on breast tissue, the balance between the estrogen and androgen signaling may play a vital role in breast homeostasis[@ref23]. The sensitivity, specificity and likelihood ratio of AR for theraputic response was higher relatively to other markers, individually and also in combination. This provides the evidence for AR to be included in the predictive panel.

AR is reported to be expressed in 45-50 per cent of ER(-) breast cancer patients[@ref14]. ER- cases not responding to therapy are treated with medroxyprogesterone acetate (MPA) which acts by binding to AR[@ref23]. AR mutation and thereby its loss result in lack of response to MPA. Hence, there appears to exist an aggressive tumour subset in India (AR-/ER-) with significantly decreased clinical response[@ref24].

While androgens (testosterone/DHEA) influence cell growth by increasing expression of EGFR, these are also known to inhibit breast cancer cell proliferation. This indicates that the expression of AR and loss of EGFR expression would lead to suppression of cell growth and consequently would result in better therapeutic response. EGFR expression was seen in 40 per cent cases and showed significant association with pre-menopausal status and lymph node metastasis, indicating its association with tumour spread. EGFR expression has been shown to predict a significantly shorter disease-free and overall survival in patients with breast cancer. Liu *et al*[@ref25] showed that patients with the higher expression of EGFR experienced a shorter survival period compared with those with low expression and thereby concluded that expression of these receptors can serve as an indicator of undesirable prognosis in patients with breast cancer.

Our results indicated that CD105+ was also associated significantly with lymph node metastasis. CD105 expression is a marker of high metastatic risk and poor outcome in breast carcinomas[@ref26]. Endoglin (CD105) is a cell membrane glycoprotein and a receptor for the TGFβ superfamily[@ref12]. It is reported to be associated with increased risk of metastasis as observed in the present study also. AR expression showed positive correlation with CD105 and inverse correlation with EGFR. LABC cases expressing the profiles AR+, AR+/EGFR- and AR+/CD105+ were found responders to NACT with lower cancer grade, thereby indicating the crucial role of AR along with EGFR and CD105 in predicting the response to NACT.

It has been shown that while NACT is successful in reducing the tumour size, it does not provide survival advantage among LABC cases[@ref6]. Some of the patients may develop resistance to the chemotherapeutic agents and sometimes even show toxicity to the drugs. Hence it is important to study the biomarkers independently and in combinations for predicting the response to therapy significantly and finding alternative strategies in those tumours which are unlikely to respond to standard therapy. The present study shows the benefit of adding AR, EGFR and CD105 to the existent marker panel to be able to predict response to therapy.

Further studies on larger data sets might yield more stable parameter estimates and possibly provide scope for the multivariable analysis, which in the present study could not be performed due to small subset of LABC. These may be helpful in devising, planning and implementing more aggressive clinical strategies for LABC cases.
